Methods
The management of experimental primates has been described. 13 The animals used were adolescent males obtained from animal dealers soon after importation. The adaptation of monkeys to experimental conditions and diets is variable with species but usually requires one to three months before experimentation is profitable. The diets used are described in table 1. The animals were housed in pairs and fed once daily. The absorption studies were done with the indicator substance chromium sesquioxide incorporated in the diet at a level of 1 per cent and measured in the stool with the procedure of Bolin et al. 14 The stool samples were ground and dried in a mortar with anhydrous calcium sulfate and extracted four hours in a Soxhlet with chloroform. A weighed aliquot of the extracted residue was taken for analysis of chromium oxide. The chloroform extract was made to a convenient volume and aliquots were taken for total lipids by gravimetry and cholesterol by the method of Abell, 15 modified by the use of Zlatkis' color reagent. 16 Plasma cholesterol was measured by the same method. Measurements of hemoglobin 17 and weight were made regularly as indicators of the general health of the animals.
Results
In the first series of experiments, 18 Cebus monkeys, adapted to the basal diet CO, were transferred to a diet made with soybean protein, SBO, which was modified to contain one of eight levels of cholesterol ranging from 0 to 2 per cent. These animals were observed for a period of 100 days with periodic measurement of serum cholesterol. The weight and hemoglobin performances are illustrated in figure 1 . It is apparent that even at a level of 0.01 per cent cholesterol a perceptible rise of level of serum cholesterol occurred in 100 days. With increasing dietary levels, the rate of rise of the serum cholesterol increased. These observations and others suggest, in agreement with the observations of Jones and Huffman in rats 3 is that the dietary level of 838 
Figure 1
Response of 18 Gebus monkeys kept for 100 days on a diet low in organic sulfur compounds and with a range of levels of cholesterol.
cholesterol determines the rate of rise but not the final plateau of serum cholesterol level.
The response of two Cebus monkeys which were fed diet C100 is shown in figure 2 . This diet, with 20 per cent casein, supplied larger amounts of cysteine precursors but, with 1,000 mg. of cholesterol per 100 Gin. of food, a definite hypercholesteremia resulted. The variability of the level of cholesterol is impressive in these animals and is commonly seen when they are on the verge of sterol decompensation. This response to 1 per cent cholesterol in the diet simulates the usual findings in human beings, at least in Western societies.
The animals described in figure 3 were first kept for 110 days on diet SBO and showed a significant rise of level of serum cholesterol, which is interpreted to represent an inability to cope with even endogenous cholesterol with the limited sulfur supply of diet SBO. When casein was substituted, the serum level subsided.
Two monkeys fed diet SBO for 460 days showed a gradual increase of level of serum cholesterol from about 160 mg. per cent to near 200 mg. per cent ( fig. 4 ). It may be important that hemoglobin levels steadily increased on the low-sulfur regimen over a period of 450 days. This trend is commonly seen, suggesting an induced polycythemia, again reminiscent of the human behavior. This decompensation of sterol metabolism can be induced in other primate species in the same manner. Figure 5 shows the cholesteremic response of two Rhesus monkeys given a series of dietary regimens. These animals tolerated chow, chow plus butter fat, and diet SBO without hypercholesteremia, but diet SB100 quickly induced a serum response that has persisted. The course of a Lagothrix monkey is shown in figure 6 . This species is difficult to adapt to experimental conditions in our experience. The hypercholesteremic response is definite although much less pronounced than in either Cebus or Rhesus monkeys.
This cholesteremic response of experimental primates to dietary regimens is almost independent of the type of dietary fat. Table 2 shows a comparison of the effects of dietary level of cholesterol for two diets made in one instance with corn oil and in the other with pure lard, both at the level of 15 per cent. The similarity of responses indicates that the variation of dietary fat has had very limited effect.
Measurement of the absorption of cholesterol from the intestine in monkeys is complicated by two circumstances. The measurement of food intake is inaccurate because of spillage, and the cholesterol recovered in the stools represents not only that which was not absorbed, but also that endogenous cholesterol which was carried into the gut via the bile. There is the further complication that some of the cholesterol in the bile may be altered so that while not absorbed it still is not measured as residual cholesterol.
In table 3 , measurements of a conventional balance were made by training the animals to take a single daily meal in two hours with the excretory collection then made for 22 hours in a clean cage. The basal diet SBO made with 15 per cent lard was found to contain 0.07 mg. of cholesterol per Gm. of food. This diet and diets SBO1 and SBO5 with 0.17 and 0.57 mg. cholesterol per Gm. of food all resulted in negative balances for cholesterol. That is, more cholesterol was recovered in the stool than was taken in the food. At higher dietary levels of cholesterol, the balance became positive suggesting a limit to the ability of these animals' absorptive capacities, perhaps complicated by a great increase of biliary cholesterol. At a dietary level of 0.5 per cent (SB50) and above the stool loss became very large, suggesting that absorptive efficiency rapidly diminishes at these high levels of intake.
Measurements of absorption with the inert indicator substance Cr 2 O 3 avoids the uncertainties of collection caused by spillage of food, but this also is complicated by an endogenous contribution of the substance in question, cholesterol. This results in a net production of cholesterol in the stool, when the dietary level is low. While it would be expected that endogenous production of cholesterol would diminish as the dietary intake increases, this relationship is not well enough known to permit a correction factor for the usual calculation of per cent absorption of a substance as measured by an index material. Instead, the relation of stool cholesterol to intake is shown in table 4 as the ratio of stool cholesterol to stool chromate.
These data show a small, but statistically insignificant increase of this ratio for the basal diet SBO over that for diet CO, the latter with a complete protein. As the level of cholesterol in the diet was increased, the amount of cholesterol in a unit weight of stool did not increase until the cholesterol concentration in the food reached 2.57 mg. per Gm. This level appeared to be at the limit of ability to compensate with the level of cysteine precursors supplied by 20-per-cent-soybean protein diet. However, the long-term observations, as indicated in figures 1 and 4, suggest that less than 2.57 mg. cholesterol per Gm. of food will result in a rise of cholesterol concentration in the serum.
Discussion
Primate species are extremely sensitive to the kind and quantity of dietary cysteine precursors in the regulation of sterol levels in the blood. The evidence from which the conclusion was drawn, that the dietary cholesterol is unimportant in human beings, is fragmentary. Keys 19 has concluded that dietary cholesterol is unimportant to human regulation of cholesterolemia from two kinds of evidence. His own 20 surveys and data of other investigators 21 In other experiments, Keys' group has used a usual hospital diet for observation of the effects of adding cholesterol. Thirteen men were kept four weeks on such a diet supplying 374 mg. cholesterol per day and then for a month with the same diet but containing a daily supplement of 1,000 mg. cholesterol. Unfortunately, this cholesterol was supplied as a low fat wafer, and was probably poorly absorbed. The lipid levels in the serum were not affected.
. Beveridge et al. 22 have studied the effects of dietary cholesterol in 93 university students. After a control period, the subjects were fed a formula diet with 30 per cent of the calories from fat and with a range from none to about 1,750 mg. of cholesterol per 1,000 calories of diet homogenized in the dietary fat. The daily total intakes of cholesterol ranged from 13 to 4,500 mg. With these conditions, the level of serum cholesterol did increase with dietary cholesterol at least up to a dietary maximum of 2,500 mg. per day. It is of interest that increasing dietary levels became less effective over 600 mg. per day, suggesting some saturation of absorption. The individual variability of response suggests different abilities of individuals to compensate for the dietary load.
It is well established that Rhesus monkeys become hypercholesteremic and atherosclerotic when fed diets rich in cholesterol. 23 Cox et al. 24 have succeeded in producing a 240 300 120 ISO
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Figure 6
The course of a young male woolly monkey (Lagothrix) on a diet low in sulfur, amino acids, and with added cholesterol. true myocardial infarction in such a preparation. This experimental model does resemble the human disease closely, unlike that described by Thomas and Hartroft. 25 Connor et al. 20 have made a preliminary description of experiments with human subjects that are appropriate for interpretation. Six adult men were fed constant diets with 133 Gm. of fat per day. These men showed an important decrease of serum cholesterol when the diet was free of cholesterol, and an important increase of serum level when the dietary cholesterol was increased by 475 to 1,425 mg. per day. Similarly, crystalline cholesterol given with this high fat diet at a level of 1,220 to 3,600 mg. per day increased the serum levels. These data suggest that the human subject, like the lower primates, are precariously compensated in sterol metabolism.
The evidence of Olson et al. 27 obtained with human subjects studied on low protein diets cannot be interpreted because of the confounding of variables in his experimental design. Those authors combined low levels of protein and low levels of lipotropic agents in the diets. The trial diets contained 50 Gm. fat, 25 Gm. protein (following a control period with 80 Gm. protein), and with about 200 mg. choline per day. The trial diets were deficient in methionine. The critically important cholesterol content of the diet is not described by the authors, although both the fat and protein are said to be of animal origin. The length of the observation period on the low protein diet is not described. Five of the nine subjects were initially "hypercholesteremic." As animal studies might have predicted, this treatment reduced the serum level of cholesterol and led to persistent negative nitrogen balance.
The critical human trials of the relationship of sulfur amino acids and cholesterol metabolism should be conducted with less complex dietary conditions. A diet rich in fat, limited in cysteine precursors and rich in choline, with, marginal levels of methionine and with Circulation Research, Volume IX, July 1961 graded levels of dietary cholesterol, should be fed for long periods to human subjects with normal levels of serum cholesterol, preferably young females, to see the cholesteremie response. Such an experiment seems not to have been done. The experimental work described here suggests that such treatment will lead to a decompensation of sterol metabolism with a hypercholesteremia that can be specifically reversed with cysteine or its precursor.
Summary
The sensitivity of three primate species to a decompensation of sterol metabolism reflected by hypereholesteremia is demonstrated. The role of the dietary protein in this phenomenon is shown and explained as reflecting the supply of the precursors of cysteine, which in turn is essential to sterol metabolism.
